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STUDY OF THE CHARACTERISTICS OF THE VISUAL PERSPECTIVE

PROCESS BY THE FOKN METHOD

V. Ya. Romanov

A tendency is noted in modern psychological literature to re- /42"

late visual attention with the phenomenon of variability in percep-

tive organization, i.e., with changes in the subjective images of

stationary external objects (Kohler, Adams, 1958; Krech, Crutchfield,

1969, and others). Clear examples of such phenomena are the re-

versal of ambiguous figures, the alternating figure-ground relation

(Rubin, 1921; Koffka, 1935, Osgood, 1953), the reorganization of the

elements of visual objects (Schumann, 1904; Woodworth, Schlosberg,

1954; Kohler, Adams, 1958), the discrimination of disguised figures

(Gottschaldt, 1926; Woodworth, Schlossberg, 1954, and others), the

occurrence of nonsensory figures (Gibson, Crooks, 1938; Hebb,

1949), etc.

In the case of the perception of ambiguous figures - for

example, Necker's Cube - a constant alternation of the perspectives

of the cube is observed. The alternating figure-ground relation can

take place as dramatically and suddenly without any external reasons.

The reorganization of visual objects is very distinctly observed in

special objects of the Shumann's chessboard type (1904), which re-

presents a set of black squares; when gazed at persistently, they

Numbers in the margin indicate pagination in the original foreign
text.
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represent either horizontal rows or vertical rows, or large squares,

or else a cross, etc. Classical examples of disguised figures are

Gottschaldt's figures (1926). They demonstrate in particular the

internal stress or effort in the attempt to discriminate a simple

figure written inside a complex configuration. The concept of the

nonsensory figure was introduced by D. Hebb in 1949, and it describes

the phenomenon of active recognition of objects or figures in a uni- /43

form, sensorially unformed environment. As an example of such an

occurrence, D. Hebb presents a gardener seeing the site where it is

suggested to lay flower beds on an even grass plot.

The main feature common to all the described effects is the

absence of a rigid, unambiguous connection between external influ-

ences and the perceptive results. It is important for us to note

that similar fluctuations, reorganizations, active discrimination of

figures, as well as other events of additional "degrees of freedom"

of the image in relation to the external stimulus were related to

attention by many authors, and were described as its "play", "ca-

price", "adjustment", etc. (Shumann, 1904; Hebb, 1949; Osgood, 1953;

Kohler, Adams, 1958; Vernon, 1964, 1969; Hochberg, 1970, and others).

The described phenomena reveal a variable degree of randomness

or nonrandomness (automaticity), complexity, intensity, etc., of the

visual perceptive process.

Let us dwell on some of these characteristics of the perceptive

processes in more detail.

As is known, the random nature of any act is determined by the

problem. The organizing factor of the random setup in perception

was investigated by many authors. Thus, as early as the first ex-

periments of 0. Kulpe (1904), it was shown that the content of per-

ceotion of tachistoscopically appearing objects depends entirely on

the instruction to give a report on certain aspects of the stimula-

tion. Analogous phenomena were the subject of discussion and inves-

tigation by a series of more recent authors (Gibson, 1941; Hebb,

1959; Fraisse, 1961, and others). The nonrandom features of
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perception are revealed, for example, in the working out of visual

automatisms, which insurelthe instantaneous evaluation, analysis,

and even interpretation of a situation - "unconscious mental con-

clusions" of G. Helmholtz (1963); "perceptive categorization" of J.

Bruner (1957), etc. The random and nonrandom aspects of perceptive

activity are characterized by complex dynamic relationships. The

observer can intervene in the operation of nonrandom mechanisms;

however, the latter often takes the upper hand. Thus, in the ex-

periments of L. Penton, S. Solley, and S. Brandt (1969), the sub-

jects succeeded in increasing the frequency of the ambiguous figure

reversal during the instruction (reverse the figure as fast as you

can", and maintain the perception of one of the variants of the fig-

.ure if the opposite instruction was given, "keep one image as long

as possible". However, in the final analysis, the reversal took

place in spite of the random counteraction.

A similar but distinctive feature of visual activity is the /44

degree of their complexity or intensity.

The Gestalt psychologists, who studied the principles of per-

ceptive organization, were the first to distinguish between peri-

pheral (sensorial, disconnecting) and central (perceptive, organiz-

ing) forces. In their numerous experiments, they showed that per-

ceptive organization can be hindered, either by weakening of the

"peripheral" forces acting in the same direction as the "central"

forces (for example, the decrease in the contrast of contours, in-

troduction of discontinuities in the figures, etc.), or by the ac-

tion of peripheral forces acting against perceptive organization

(all kinds of methods of noise interference, disguising of figures,

etc.1; Kohler, 1929, Koffka, 1935; Wertheimer, 1938).

At the present time, the central and peripheral forces of

Gestalt psychologists sound to us no more than a metaphor; however,

the description of processes with passive and active course, as-

well as the experimental methods which facilitate or hinder the per-

ceptive work, maintain their value also today. The visual activity

becomes more intense if its peripheral conditions are poor or
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conflictual. Examples are, on one hand, various kinds of threshold

problems, detecting signals of low intensity, discrimination between

similar stimuli, recognition of objects presented for a short time,

etc., and on the other hand, the above-described problems of the

active discrimination of the disguised figure, of figures situated

in an ambiguous or undefined object, in a homogeneous environment, etc.

Another important feature of the visual process can be distin-

guished - the dimensions of the field where it is accomplished. The

problem of the simultaneous perception field has been raised for a

long time in experimental psychology, and is known under various

names. It is this problem which investigators have in mind when they

speak about the functional potential of peripheral vision, the volume

of perception, the operational field of vision, etc. (Woodworth,

Schlosberg, 1954; Sanders, 1963; Gippenreyter, 1964; Moray, 1970,

and others).

The enumerated features of the visual process coincide with the

often-described features of visual attention, its randomness, its

degree of intensity or concentration, the area of simultaneous ad-

justment, etc.

All the above refers to the typical form of the visual process

which takes place in the presence of an external object.

However, another no less important form of visual activity

exists, which takes place in an internal plane, in the absence of an

external object. The internal images or visual representations lit-

erally permeate all forms of psychic activity. For example, the

general programming the oncoming battle must be able to consider /45

mentally all the spatial relationships, all the combinations of ob-

jects, "to see" their disposition on some imaginary map, diagram,

plan, etc. (Teplov, 1961). In solving a chess problem, the image of

the chess board with the disposition of the individual parts is re-

presented in each move "as images in an internal mirror; without

this condition they (the chess players) would not be able to foresee
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the consequences of their moves and of their opponent's moves" (Binet,

1889). The list of such examples can easily be made much longer.

Usually, the involvement of vision in other kinds of activity

is called visualization (Zinchenko, 1971, Arnheim, 1972, and others).

Mention is also made of nonvisual types of thinking, mnemonic, andl

other processes. Several authors emphasize, on the contrary, the

potential independence of the described forms of visual activity,

calling it internal vision (Binet, 1889; Kandinskiy, 1952).

As with regard to "external vision", one can speak about the

degree of randomness or intensity of the internal visual process,

the magnitude or dimension of the field taken in by the internal gaze.

A clear example of the extreme nonrandomness of internal vision

is given by the cases of visual pseudohallucinations. One of their

main features is their spontaneous, automatic,land intrusive character

(Kandinskiy, 1952).

On the other hand, how hard it is at time for any of us to

imagine even a well-known face and to "keep" it in sight internally.

Intermediate cases have also been described. For example, cer-

tain faces have the ability of randomly inducing very clear visual

images, which are kept for a long time and then switched off arbi-

trarily. One distinctive case was described by A. R. Luriya (1968).

His patient could very easily recall extremely detailed visual

images of objects, situations, and events which had taken place

many years ago. Finally, by means of the internal vision, we can

represent to_ourselves not only individual small figures, but also

whole complex pictures which occupy the entire internal visual field.

This assumes in pathology the form of "panoramic hallucinations"

(Kandinskiy, 1952).

The purpose of the present work has been to discover whether

the various characteristics of the visual process are reflected' in

the properties of the fixation optokinetic nystagmus (FOKN).
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The FOKN was investigated by us in previous works (Gippenreyter

and Romanov, 1968, 1970). It appeared that this type of eye micro- /46

movement depends on the directional effect of the subject's activity:

a suppression of FOKN activity takes-place during visual problems,

while its surging is observed in the solving of nonvisual problems

(auditory, tactile, mental). In the present work, only visual prob-

lems were used. In such a manner, not the modality of the activity,

but instead the subtle features of the internal visual modalities

have been observed.

Method

The classical objects of perceptive organization were used in

the experiment: Necker's cube, Gottschaldt's figures, Shumann's

chessboard, and noise squares. Simple colored squares of different

areas were also used (see Figure 1).

The dimensions of Necker's cube, Gottschaldt's figures, and

Shumann's' chessboard were always constant, with a side of 4o. The

sides of the colored squares were 50', 4o and 80. The noise squares

represented squares drawn one inside another, with sides ranging

from 50' to 50

Several problems were given to the subjects with regard to the

above-named objects. These were organized in series, according to

the investigated parameters of the visual process.

First series. The problems of this series comprised comparing

the conditions of random maintenance of perceptive organization andl

passive observation.

Necker's cube was used (Figure la) as the object. Two different

instructions were given to the subject: 1) keep one position of

Necker's cube in a random manner; 2) observe the cube passively.
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Figure 1. Stationary objects used in visual problems:

a - Necker's cube; b - Gottschaldt's figures; c -
disguised figure of Gottschaldt; d - undisguised figure
of Gottschaldt; el - Shumann's chessboard; f - sensory
figure on Schumann's chessboard; g - noise squares;

h - colored squares

Second series. Here .the problems of perceptive organization

under difficult and easy conditions were compared. The following

conditions and objects were used:

~ ~ ~~7



1. Gottschaldt's figures:

a - discriminate the disguised figure (Figure ic);

b - perceive the undisguised figure (Figure Id).

2. Shumann's board:

a - discriminate the nonsensory figure in the shape of a

cross (Figure le);

b - observe the graphically discriminated (sensory) figure

in the shape of a cross (Figure if).

3. Noise squares:

a - discriminate the peripheral noise square (Figure ig);

b - watch the central noise square. (Figure ig).

Evidently, all the problems under the heading (a) are difficult /47

conditions, while all the problems under the heading (b) are easy

conditions.

Third series. The problems compared here assume a variable

magnitude of the area of adjustment of the visual attention.

Red squares were used (Figure lh). The subject was instructed

to "take in" or "concentrate" on the surface of squares with differ-

ent dimensions: 50'; 40; 80.

Fourth series. In the first series, tests were performed with /48

the purpose of elucidating the reactivity of FOKN to certain aspects

of the activity of internal vision:

1. Type of thinking, whether visual or nonvisual. The problem

of the "colored cube" was used, in which the visual and logical types

of thinking (Walter, 1966) were revealed. *The subject was instructed:

"Imagine a toy cube. It is colored. Now imagine that you would cut

it into two halves, then youlwould mentally cut each half again into
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two halves, into rectangular pieces, and you would repeat this oper-

ation the third time. Now imagine to yourself the small cubes which

you obtained in this way. How many cubes are not colored?"

2. The efficiency of the random effort to call up a visual

representation. The subject was preliminarily given an object -

noise square; then the square was taken away and the subject was

asked to "imagine it again on the screen".

3. Adjustment of the internal vision to objects with different

areas. The same noise squares were represented; the subjects were

supposed to adjust alternatively to the area of the central, medium,

and the outermost squares (in this way the noise factor was removed).

The experiments were performed with the same setup as the ex-

periments described in the article by Yu. B. Gippenreyter and V. Ya.

Romanov (1970): the subject was placed in front of a semi-transparent

mirror, through which he could see a screen on which a stationary

object was projected. A second screen was reflected in the mirror

on which vertical black and white stripes were moving.

The physical properties of the moving stripes were kept un-

changed in all the series: speed 8 deg/sec; 5 black and 5 white

stripes were in the field of vision at the same time, while the an-

gular dimension of each stripe (black or white) was 40. The stripes

always moved to the side which coincided with the asymmetry of FN

in the given subject. The experiments were accompanied by recordings

of the eye movements, using the photo-optical technique. The hori-

zontal component of the eye movements was recorded in the experiments.

In all, 8 subjects participated in the experiments; no less than 3

subjects took part in each series; and about 6 experiments were per-

formed with each subject for every problem.
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Results and Discussion

In all the experiments of these studies, the "typical visual

FOKN" was observed in all the subjects (Gippenreyter and Romanov,

1970). Against the background of a general picture of FOKN, the

variants of the visual conditions and problems utilized in these ex-

periments gave additional regular changes of the FOKN.

1. The main result obtained during the introduction of the

factor of randomness (first series), consisted in the lengthening of /49

the slow phases and the increase of their amplitude. This can be

seen from the recordings of FOKN in Figure 2, as well as from the

mean cycles* (Figure 2).

2. The main result in the hindered visual process, in distin-

guishing the disguised figure of Gottschaldt (second series), con-

sisted in a considerable lengthening of the slow phases of FOKN

(Figure 3).

The opposite result was obtained in trying to discriminate the

nonsensory figure on Shumann's board: the length of the slow stages

decreased, as did their amplitude. Samples of individual tracings

of FOKN and of its mean cycles for the given problem are presented

in Figure 4. In their report, the subjects noted that this problem

was extremely difficult. They reported that they had attempted to

find "external props" in order to see and retain the figures; how-

ever, they rarely succeeded in doing so. The perception of the sen-

sory figures always went, in their words, easily and simply, while

the gaze was fixed most frequently on the center of the object. One

of the most conscientious subjects (S. I.) solved the problem by

shifting his gaze to the left and to the right of the chessboard cen-

ter. The subject, in his own words, "divided with his gaze the

The mean cycles of FOKN were constructed on the basis of the mean
values of time (t), amplitude (1), and speed of the FOKN drift
(their derivative) (Vav = av/t av for each subject who solved a

given problem. These values are entered above the triangles which
are a graphic representation of the mean cycles.
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Figure 2. FOKN in the work with Necker's cube:

A - FOKN recordings (subject L.P.): a - passive perception
of cube's position; b - active regaining of each position
of the cube; B - Mean FOKN cycles in three different sub-
jects: continuous line - passive retention; interrupted
line - active retaining (the time course is in all the re-

.cordings of this article from below upward)

11



V-S

t = 18100

V=2
r 1=16

t9700

VZS

I *OI 
t-4970 V-3

1-9
t J620

Subj ] Subj .
.P. S .I. j

Figure 3. FOKN in the experiments with
Gottschaldt's figure:

A - FOKN recordings! (subject L.P.):
a -- perception of undisguised figure;Sb -- discrimination of disguised figure;
B - mean\FOKN cycles in two different

subjects: continuous line - perception
20 20' of undisguised figure; interrupted line

0 5 line - discrimination of disguised
A 1  figure
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center of the figure so as to obtain a cross, and in such a manner

distinguished four squares"

3. The result obtained during variation of the area of adjust-

ment of the attention (third series) consisted in a regular increase

in the amplitude of the slow phases of FOKN with the increase in the

area of adjustment of the squares. The indicated regularity is

graphically presented in Figure 5.

4. Two factors, which had been changed independently in pre-

vious experiments, were combined in special tests: the complexity of

the visual process and the area, in relation to which the process

took place. For this purpose, noise squares were presented (Figure

if), with the instruction to distinguish the third square from the

edge (with a side of 3.70). This problem was compared with the per-

ception of the non-noise square with a side of 50'. It should be

mentioned that all the subjects experienced great difficulty in dis-

tinguishing the noise square. Despite their attempts, they never

succeeded in seeing clearly the boundaries of the square; in this

situation, they attempted to distribute their glance over an area

which approximately corresponded to its dimensions.

Figure 6 depicts samples of recordings and mean cycles of the

FOKN for the given tests. It can be seen from the recordings that

in the case of the discrimination of the large noise square, both

the amplitude (effect of the larger area) and the duration (effect /50

of the difficulty) of the slow phases of FOKN were increased. The

comparative results according to the conditions:

- small easy square, /
- large easy square,

- large difficult square,

are presented in the mean cycles of FOKN in the same figure.
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Figure 4. FOKN in the experiment with Shumann's chessboard:

A - FOKN recordings (subject L.P.): a -- sensory figure perception;
b - nonsensory figure discrimination; B - mean FOKN cycles in four
different subjects: continuous line - sensory figure perception;

interrupted line - discrimination of nonsensory figure
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Figure 5. FOKN during adjustment of the attention to
squares of different areas:

A - FOKN recordings (subject N.E.): a - 50' square; b -
40 square; c - 80 square. The interruptions in the record-
ings c are due to the fact that the light beam went beyond
the limit of the screen of the recording instrument

(Figure continued on following page)
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Figure 5. (continued):

B -- Mean FOKN cycles in four different subjects: con-
tinuous line - 50' square; dotted line -- 40 square;interrupted line - 80 square

With almost all the subjects, there were moments during the dis-

crimination and the attempt to retain the noise square when they
passed from a stage of efficient discrimination (although not always

rigorous) either to simple fixation of the upper or lower angle of /52

the square, or to alternating fixation of its side. The recordings

taken during this time always revealed marked decreases in the lengthand amplitude of FOKN. The latte started to coincide in its nature

with almost all the during the problem of fixation of a large dot.

In the course of the experiment, the experimenter could observe

visually the characteristics of the FOKN (by the movement of the

light beam). In all cases when the experimenter observed an increase

in the frequency of FOKN, he received a positive answer when asking
the subject whether he lost thefixation of i perception of the square. /53

According to the report of the subjects obtained during or immediately

after the experiment, those parts of the recordings (sometimes these

werIn the cordings of the entire experiment), which corresponded to the

period of failure to solve the problem were selected. Samples of

such parts of FOKN recordings in various period of unsolved problems
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Figure 6. FOKN in the experiment with noise squares:

(Figure and caption continued on following page)
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are presented in Figure 7.
V=3In the same figure, the

results of the statistical t=M
processing of FOKN are

given in the form of the /5 4

mean cycles of the latter,

as compared to the parts

corresponding to success-
V=2

ful solving of the problem. 1=26
t? 11795

5. Samples of record-

ings of the FOKN and of

their statistical process-

ing during the solvingof V=:O

the problem mental "sawing" 1=64
t=6900

of the cube, and determina-

tion of the number of un- \' 10 I7
painted sides (fourth t 5288 f / I
series), are presented in F
Figure 8. t1 

Analysis of the data

shows that under conditions VMS

of the described problem, V 14
two types of changes occur : t8 t88
in the FOKN, a "visual . Subj Subj. Subj.

type", i.e., a considerable N.E. S.B.A. M.L.

increase in the duration :of B

fixation, and a "mental Figure 6. (continued):

type", an increase in the A - FOKN recordings: a - perception
of the non-ndise 50' square; b, -

amplitude and speed of the b 3 - discrimination of 3.7' noise
drift, and a decrease of square (b 2 and b 3 are a continuation

of b1 ); B - mean FOKN cycles in 4
their duration. It appeared different subjects:(continuous line

that the indicated types cor- - perception of 50' non-noise
square; interrupted line - dis-

respond to the methods used crimination of 40 noise square; dot-

by the subject to solve the ted line - perception of the 40

problems, as reported by non-noise square
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Figure 7. FOKN in discrimination of the noise square during the period of failure:

A - FOKN recordings: a - fixation of lower and, subsequently, upper angle (subject L.P.);
b - alternating fixation of the sides (subject B.A.); B - mean FOKN cycles in 4 different
subjects: continuous line- failure; interrupted line - solution of the problem
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Figure 8. FjOKN during solution of the problem "small cube":

A - FOKN recordings: a - background FOKN (subject M.L.); b
visual FOKN during the solution of the problem (subject M.L.); C -
background FOKN (subject L.P.); d - mental FOKN during solution of
the problem (subject L.P.); B -- mean FOKN cycles in four different
subjects: continuous line*- background FOKN; interrupted line -

visual FOKN; dotted line - mental FOKN

them. The first type was shown by subjects who, in their words,

could solve the problem only if they visualized the object clearly.

For example, one of the subjects (M.L.) experienced difficulty in

the beginning while solving the problem, since she represented a

colored plastic cube which, after "sawing", appeared to be hollow.

Only after she "replaced" it by an imaginary solid wooden cube could

she solve the problem.
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A second type of FOKN was shown by those subjects who solved

the problem only in a logical way, without ever visualizing the ob-

ject. The request of imagining the cube and solving the problem in

the plane of representation led to resistance on their part.

The described relation between the type of FOKN change and the

method of solving mental problems received strong confirmation in /55

one exceptional case represented by subject A.K.

A.K. was a student in one of the Moscow colleges. After /56

lengthy training, he developed a phenomenal ability to visualize

various data and to remember them in this way. In the beginning, he

learned to represent graphically each individual element, and then

"enlarged" the elements, seeking - for example - to see a whole

line at the same time. By this method, A.K. increased the volume of

the simultaneously "seen" material. Starting with individual letters

and figures, he got to remember a whole page by visualizing it. If

A.K. was presented with figures by means of which he was to perform

arithmetical operations, then again he at first attempted to clearly

"see" the presented data. In the subject's words, he always "saw"

white figures against a black background.

We performed several series of experiments with subject A.K.

One of them was the solution of mental problems with simultaneous

recording of the FOKN. As indicated above, he-performed the routine /58

arithmetical operations in the mind by visualing each figure. When

requested to perform the operations by the usual method, he either

got the wrong answer or refused to solve the problem. In the visual

and auditory problem, the FOKN was not different in the case of A.K.

from the FOKN in the other subjects; however, in the solving of the

arithmetic problem, a visual FOKN was obtained in this subject (let

us recall that in all the other subjects, a mental FOKN was obtained

in the arithmetic problem). A similar result was obtained in A.K.

when he solved the problem of sawing the imaginary cube. A.K. noted

that in solving this problem, he had a clear visual image of the

colored cube. The corresponding FOKN recordings and its mean cycles

are presented in Figure 9A.
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Figure 9. FOKN during solution of various mental problems
by subject A.K.:

A - FOKN recordings: a-- background FOKN; b - visual
FOKN during solution of arithmetic exercises; the two black
marks on the recordings indicate the end of the problem
solving; c - visual FOKN during solving of the problem
"small cube"; B - mean FOKN cycles: a - during solving of)
the arithmetic exercise; b - during solving of the "small
cube" problem. The black lines in all the graphs indicate
the background FOKN; the interrupted lines indicate the

visual FOKN

6. In the series with discrimination of the noise squares in

the plane of representation (fourth series), the subjects sometimes

said "it seems to work", and sometimes "they saw nothing". Record-

ing of the eye movements reveals only tracking movements, which
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Figure 10. FOKN recordings during the attempt to. visualize
noise squares:

a - unsuccessful attempt by subject L.P.; b - the same, subject
B.A.; c - the same, subject A.K.; d - weak visualization, sub-
ject A.K.; e - subject A.K. sees clearly the center of the noise
square. Only the slow stages of the FOKN are seen in a, b, c.
The rapid stages were not recorded because the beam went beyond

the limits of the recording instrument

represented essentially the slow phases of the optokinetic nystagmus

(OKN; Figure 10).

This series was performed with subject A.K. A few attempts /59

ended in failure: the subject said that he could see the squares

clearly only with closed eyes; when he opened his eyes, the moving

background immediately knocked down the visualized image. In such

unsuccessful attempts, the FOKN recording gave in this subject the

same picture as in the other subjects (Figure 10c). A.K. wanted
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very much to continue the training, in order to see the squares

against the background of the stripes (as soon as the stripes were

removed, the noise square reappeared). We organized such a training.

In its course, the experimenter decreased gradually the brightness of

the squares, from very bright to invisible, while the subject at-

tempted to "retain" them. Soon, A.K. started to "see something"

also against the background of the stripes, after removal of the

squares. The FOKN recording at this stage revealed a markedly "un-

winding" FOKN (Figure 10d). And suddenly, A.K. exclaimed that he

saw a very bright center square. The obtained FOKN was similar to /60

the one during the fixation of a stationary dot (Figure 10e). i

Finally, the subject appeared to be able to visualize clearly all

of the noise square; the moving background ceased to disturb him.

He could not only see, but also work with these squares, by adjust-

ing to the largest or smallest square. Figure lla shows the FOKN

recordings in A.K. during discrimination of the center square (50')

in the visualized image; Figure llc - during perception of the whole

object (40); Figure llb - during discrimination of the noise square

which was third from the edge and had a dimension of 3.70. As seen

from the recordings, a regular increase in the amplitude of the FOKN

cycles was observed with the increase of the discriminated area (the

same as in discriminating the corresponding visually presented

squares).

7. In one experiment with colored squares, an even stranger /61

finding was obtained. In this experiment, contrary to the rule of

presenting in the course of one recording a square with only one

area, the subject was given in the beginning a 50' red square, and

immediately afterwards - a 40 red square. The subject showed rest-

lessness, and he reported that he could not adjust to the large

square, since his attention was diverted by a bright green small

square in the center of the large one (clearly, this was the negative

afterimage of the previous small square). The FOKN in this half of

the experiment showed characteristic features for perception of the

small square (Figure 12A, a). i The same result was obtained in

another subject during percepting of the afterimage.of the 40 square

and of the afterimage of the 40 square against the background of the
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80 square (see recordings and

mean cycles in Figure 12).

Before proceeding to the

discussion of the above-presented

results, a few words should be

said about the method of their

processing and representation.

First of all, as seen throughout

the experiments, the main data

with which we operated were the

mean values of the duration,

amplitude, and speed of the slow

stages in the FOKN (correspond-

ingly, t, Z, and V). The mean

cycles of the FOKN were con-

structed on the basis of these

values. Obviously, from the 0
enumerated three parameters, only a

two are indeipendent or essential AaV

variables; the third results from a]

the first two. Therefore, in

presenting the results, it was Figure 11. FOKN recordings dur- /62

sufficient to report on the direc- ing visualization of noise

tion and magnitude of the changes squares of different areas (sub-
Iject A.K.):

by either only t and 1, or t and a - 50' square (first in center;
V, or Z and V. Why did we not b - 40 square (third from the

center; c -- 50 square (all the
proceed in this way? The reason center; c - 50 square

figure)
is that at this moment in time,

we cannot say with any conviction

which of the FOKN parameters are essential and related to the factors /63

which interest us, and which are derivatives. Moreover, it seems to

us that the essential parameters may be different in different cases.

Answering this question is a special problem in each case. We shall

take this into account in examining the results of each series.
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Second, the main method

of the primary analysis of

the results was two-by-two

comparison of the mean values

of the FOKN parameters within

one problem while varying any

one condition and keeping the

others constant (for example,

the randon and nonrandom re-

versal of the dube; dis-

crimination of the noise and

non-noise figures, logical

solution of the problems and

solution in the visual plane,

etc.). Of course, it is

desirable to perform wider

comparisons between different

problems - for example, the

reversal of the cube and the

discrimination of noise

squares, or observation of

the sensory figure and ad-,

justment of the attention L

to a certain area, etc. How- /
ever, we cannot do this, at

least not yet, because each ]

problem represents a parti- A1_

cular combination of a whole

series of essential factors Figure 12. FOKN during the problem

(possibly still unknown to of adjusting the attention to
squares of various areas and in the

us); we do not dispose of presence of the afterimage:

the required scale for evalu- A - FOKN recordings: a - percep-
tion of the 4 ° squares in the pre-ating and ordering these 

fac-
sence of an afterimage of the 50'

tors. Nevertheless, we have (Figure and caption continued

tried to perform such compari- on following page)

sons wherever possible.

26



Let us now sum up the

main results of the pre- \6 1V9 4
sented results. First of V4-2 =JJ 3 t3JJ0

all, as mentioned above, tJ1-501 t73500 -
the obvious result of the I / IV= -7
entire series is the marked VY12 t 22 9

= 10 1 / V * 9
"visual" nature of the t=882V 9

FOKN. Its typical signs V=) 2t2095

are a strong increase in t, =2:171_ --.- 7Subju .Subj 
and, as a rule, a decrease uI5 P NubjN.E.
in V. This creates an i a b -

overall picture of a sup- Figure 12. (continued):

pressed or "protracted" squares (subject L.P.); b - the same,

FOKN. subject N.E.; c - perception of the
80 square in the presence of the after-
image of the 40 square (subject N.E.);
B - Mean FOKN cycles: a - percep-
tion of the 40 square in the presence

sult is the regular inten- of the afterimage of the 50' square in

sification of this visual two different subjects; b - percep-
tion of the 80 square in the presence

character of FOKN with the of the afterimage of the 40 square.
increased complexity and Continuous line - perception of the

40 square; interrupted line - percep-
randomness of the visual tion of the 80 square in the presence

processes. Characteristic of the afterimage of the 40 square;
dotted line - perception of the 80

is the increase in the square without afterimage

duration of the cycles t,

which was considerable in some cases. Clear examples are the prob-

lems of the cube reversal (Figure 2), discrimination of the disguised

figure of Gottschaldt (Figure 3), and discrimination of the noise

square (Figure 6). The result obtained in the experiments with Shu-

mann's board seemed to contradict this pattern: the t of the mean

FOKN cycles was less decreased here in the discrimination of the non-

sensory figure by comparison with the less difficult problem of per-

ception of the sensory figure. However, we can explain this para-

doxical result. First, most of our problems were solved by the sub-

jects with a mininal number of adjusting jumps, i.e., under condi-

tions of free, lasting eye fixation (we chose these conditions de-

liberately). The nonrandom jumps of the FOKN divided up this lasting
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fixation into the slow phases of the FOKN. However, sometimes - /64

especially when the problem was more complicated -- the subjects re-s

sorted to motor tactics. Just as in the case of distinguishing the

above-indicated nonsensory figure, this tactic was typical for all

the subjects. In this case, the fixation drifts were interrupted,

not by reversible FOKN jumps, but instead by adjusting eye movements.

As a result, they ceased to characterize the duration of the slow

FOKN phases. This element has not been accounted for in the process-

ing of the results, but instead, the durations of all the drifts were

averaged, regardless of the nature of their "limiting" jumps.

Second, the subjects could not always cope with the presented

problems. Some of them were excessively difficult, and were solved

either partially or not at all. The discriminat-ion of the non-

sensory figure on Shumann's board was one of these problems: the sub-

jects tried hard to see the cross, but they usually failed. As it

happens in such cases, they passed to motor tactics, attempting, so

to speak, to overcome the difficulty "by hook or by crook". It should

be said that these tactics did not help either. The best result it

could give was to enable the subject, by centering his gaze, to dis-

tinguish groups of small angular squares; in this case, the given

cross appeared as the background of these figures (this was the pro-

cedure followed by one of the most assiduous of our subjects, S.I.).

Subsequently, however, the relations of figure and ground still had

to be changed, which in the case of the nonsensory figure proved to

be an even more complicated problem than the initial discrimination

of the cross. Thus, the only "pure" characteristic of the mean FOKN

cycles relating to the discrimination of the nonsensory figure was

the speed of the drift (V) which, as in the case of other complicated

visual problems, was diminished here. The decrease of t reflects

the subject's reaction to the inefficient performance of the task,

and the search for solving the problem; Z appears here as a simple

consequence of V and t. The results of the experiments with the

noise squares confirmed this. Although the discrimination of the

noise squares by the subjects also took place with a variable degree

of success, this problem was easier for them, since the period of

success were longer and clearer. This made it possible to
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differentiate in the recordings parts relating to periods of success

and failure in following the instructions. In the failure of solving

the problem (Figure 7, continuous line), the mean cycles were remark-

ably similar to the mean cycles in the case of failure to discrimi-

nate the nonsensory figure on Shumann's chessboard.

The following uncontested result concerns the problem of adjust-

ing the attention to squares of different areas. Worth mentioning /65

here is the regular increase in 1 together with the increase of the

area of adjustment; V has the same tendency, while parameter t is

apparently determined here by the values of 1 and V. The increase

in the parameter htogether with the increase in the area of the

square can possibly be explained by means of an extension of the term

"zones.of insensitivity of the retina". This concept was introduced

in order to pinpoint the central zone of the fovea within the limits

of which a shift in the projection of a fixated dot does not cause

any correcting jump (Glezer, 1959). In our case, the object of fixa-

tion was not a dot, but rather squares of increasing areas. It is

natural to assume that in the problem of adjusting-the attention to

the area of the square, analogous insensitivity zones appear, but

with a larger side than the square. The larger the square, the

larger the zone and, consequently, the larger the permitted shift.

The parallel increase in V can be explained by a weakening of the

fixation. It is easier to concentrate attention on small objects;

the opposite problem, i.e., dividing the attention over a large area,

can cause a weakening of the fixation effort. This is probably what

happened in our subjects, as a result of which the eye was subjected

to the effect of the moving background to a larger extent, i.e.,

with a larger speed.

It seems to us that the results of the problems of object vis-

ualization are of great value. The findings of the typical visual

character assumed by FOKN in periods of clear visualization confirm

again the extraordinary sensitivity of this type of movement to the

functional state of the visual system. On the other hand, it reveals

a rare possibility for the objective demonstration of such deep forms

of psychic activity as visual representation.
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Finally, the last result which we would like to mention consists

in the fact that a combination of different factors which affect the

FOKN give a combined picture of its changes (Figure 6).

If we were to generalize all the above-presented results, it

can be said that by its dynamics, FOKN throws light on a series of

highly important properties and forms of visual activity.

At the present time, almost all investigators regard perception

as an active process. Many authors emphasize the essential role of

motor phasic reactions of the organism (Hebb, 1949; Leont'yev, 1959;

Zaporozhets, Venger, Zinchenko, Ruzskaya, 1967; D. Bem, 1967, and

others). The founder of this point of view on theoperceptive pro-

cesses was I. M. Sechenov, whose ideas have received great develop- /66

ment in the views of Soviet psychologists.

Experimental psychology has accumulated numerous and very! con-

vincing evidence on the role of motor activity (movements of the

eyes, head,.hand, and body), for example, in the reconstruction of

an optically transformed world (Stratton, 1896; Ewert, 1930; Kohler,

1962; K. Smith, W. Smith, 1962; Held, Hein, 1963, and others), and

in normal perception after prolonged perceptive isolation (Bexton,

Heron, Scott, 1954; Leidermann, 1958; Smith, Lewty, 1959, and

others), etc.

However, there are also forms of perceptive activity which are

supported by not only motor phase activity but, on the contrary, are

accompanied by its suppression. A multitude of examples can be found

in the literature, according to which a rich, intensive, internal

activity hides behind the external immobility (Rubinshteyn, 1946).

The clearest examples are the moments of listening, gazing, thinking,

etc. It was noted long ago that tonic muscular activity is involved

in the act of attention reversal (Ribot, 1892; Lange, 1893; James,

1902; Freeman, 1940, 1948a, 1948b; Dashiell, 1940; Paschal, 1941,

and others). A whole series of perception theories places the em-

phasis on the role of tonic activity in perceptive processes [the

senso-tonic theory of G. Verner and S. Vapner (1952), the theory of
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motor adjustment of F. Allport (1955), and others]. However, until

now, tonic events in the organism have been insufficiently studied

since, as noted by F. Allport (1955), some of these effects are

elusive and require special refined methods of investigation. Our

studies make us think that FOKN is one of these subtle indicators

of the state of the eye's tonic system (Matyushkin, 1972). This in-

dicator is correlated with many aspects of visual and sometimes

intense internal work. Therefore, we consider it as the most ade-

quate method for investigating internal forms of visual activity.

The physiological side of the described findings is still the

least clear for us. It is quite evident that it requires special

investigations. We have already noted that the form and features of

FOKN can be related with the work of the subcortical nystagmogenic

center and with the occipital and frontal cortical oculo-motor cen-

ters (Gippenreyter and Romanov, 1970). The results of the present

work lead to a realization of the effect of the visual subcortical

and cortical centers proper on the tonic system of the eyes.

References

1. Arnheim, R. Vizual'noye myshleniye. "Zritel'nyye obrazy. /67
Fenomenologiya\i eksperiment" (Visual Thinking. "Visual
Images. Phenomenology and Experiment"). Dushanbe, 1972.

2. Binet, A. Psikhologiya umozaklyucheniya na osnovanii eksperi-
ment'nykh issledovaniy posredstvom gipnotizma (Psychology of
Mental Conclusions on the Basis of Experimental Investiga-
tilons by Means of Hypnotism). Kartsev Publishing House, 1889.

3. Bem, D. Spetsial'naya teoriya otnositel'nosti (Special Theory
of Relativity). Moscow, "MIR", 1967.

4. Gippenreyter, Yu. B. Attempt at Experimental Investigation
of the Work of the Observer's Visual System In the ecollec-
tion: "Inzhinernaya psikhologiya" (Engineering Psychology).
Izdatel'stvo MGU, 1964.

31



5. Gippenreyter, Yu. B. and V. Ya. Romanov. Novyi metod issle-
dovaniya aktivnosti zritel'nogo vospriyatiya. Materialy III
Vsesoyuznogo s'ezda obshchestva psikhologov SSSR (New
Method for Investigating the Activity of Visual Perception.
Proceedings of the Third All-Union Congress of the Psycholo-
gists Association of the USSR), Vol. III. Moscow, Ministry
of Education of the USSR, APN USSR, 1968.

6. Gippenreyter, Yu. B. and V. Ya. Romanov. New Method for In-
vestigating the Internal Forms of Visual Activity. Voprosy
psikhologii, No. 5, 1970.

7. Glezer, V. D. Characterization of the Eye as a Tracking System.
Fiziologicheskiy zhurnal SSSR, Vol. XV, No. 3, 1959.

8. Jaes, V. Nauchnyye osnovy psikhologii (Scientific Bases of
Psychology). St. Petersburg, 1902.

9. Zaporozhets, A. V., L. A. Venger, V. P. Zinchenko and A. G.
Ruzskaya. Vospriyatiye i deystviye (Perception and Action).
Moscow, "Prosveshcheniye", 1967.

10. Zinchenko, V. P. Productive Perception. Voprosy psikhologii,
No. 6, 1971.

11. Kandinskiy, V. Kh. 0 psevdogallyutsinatsiyakh (On Pseudo-
hallucinations). Moscow, Medgiz, 1952.

12. Lange, N. N. Zakon pertseptsii. Teoriya volevogo vnimaniya
(The Law of Perception. Theory of Fleeting Attention).
Odessa, 1893.

13. Leont'yev, A. N. Problemy razvitiya psikhiki (Problems of
Psychological Development). Moscow, Izdatel'stvo APN RSFSR,
1959.

14. Luriya, A. R. Malen'kaya knizhka o bol'shoy pamtyati (Small
Booklet on Great Memory). Izdatel'stvo MGU, 1968.

15. Matyushkin, D. P. Glazodvigatel'nyi apparat mlekopitayushchikh
(The Oculo-motor System of Mammals). Leningrad, Meditsina,
1972.

16. Ribot, T. Psikhologiya vnimaniya (Psychology of Attention).
St. Petersburg, 1892.

17. Rubinshteyn, S. L. Osnovy obshchey psikhologii (Principles of
General Psychology). Moscow, Uchpedgiz, 1946.

18. Sechenov, I. M. Izobrannyye filosofskiye i psikhologicheskiye
proizvedeniya (Collected Philosophy and Psychology Works).
Moscow, Gospolitizdat, 1947.

19. Teplov, B. M. Problemy individual'nykh razlichiy (Problems of
Individual Differences). Moscow. Izdatel'stvo A N RSFSR,
1961.

32



20. Walter, G. Zhivoy mozg (The Living Brain). Moscow, "MIR",
1966.

21. Allport, F. Theories of Perception and Concept of Structure.
New York, 1955.

22. Bexton, W., W. Heron and T. Scott. Effects of Decreased
Variation in the Sensory Environment. Canad. Journ. Psychol.,
Vol. 8, 1954, pp. 125-131.

23. Bruner, J. On Perceptual Readiness., Psychol. Rev., Vol. 64,
1957, pp. 123-152.

24. Dashiell, J. A Neglected Fourth Dimension of Psychological
Research. Psychol. Rev., Vol. 47, 1940, pp. 289-305.

25. Ewert, E. A Study of the Effect of Inverted Retinal Stimula-
tion Upon Spatially Coordinated Behavior. Genet. Psychol.
Monogr., Vol. 7, 1930, p. 177.

26. Freeman, G. Discussions: "Central" vs. "Peripheral" Locus of
Set; A Critique of the Mowres, Raymand and Bliss "Demonstra-
tions. Journ. Esp. Psychol., Vol. 26, 1940, pp. 622-628.

27. Freeman, G. Physiological psychology. New York, 1948a.

28. Freeman, GX The Energetics of Human Behavior. Ithaca, 1948b.

29. Fraisse, P. Attitude Roles in Perception. In: Attitudes.
Symposium de l'Association de psychologie scientifique de /68
langue francais (Attitudes. Symposium of the Association ofl
Scientific Psychology] of the French language. Paris, 1961.

30. Gibson, J. and L. Crooks. A Theoretical Field Analysis of
Automobile Driving. Amer. Journ. of Psych., Vol. LI, No. 3,
1938, pp. 453-471.

31. Gibson, J. A Critical Review of the Concept of Set in Con-
temporary Experimental Psychology. Psych. Bul., Vol. 38, 1941,
pp. 781-817.

32. Gottschaldt, K. On the Influence of Experience in the Percep-
tion of Figures. Psychol. Forsch., Vol. 8, 1926, pp. 261-317.

33. Hebb, D. The Organization of Behavior. New York, 1949.

34. Held, R..and A. Hein. Movement-Produced Stimulation in the
Development of Visually Guided Behavior. Journ. Comp. and
Phys. Psychol., Vol. 56, 1963, p. 872.

35. Helmholtz, H. Handbuch der physiologischen Optik.(Handbook
of Physiological Optics). Hamburg and Leipzig, 1966.

33



36. Hochberg, J. Attention, Organization and Consciousness. In
the book: Attention: Contemporary Theory and Analysis.
New York, 1970.

37. Koffka, K. Principles of Gestalt Psychology. New York, 1935.

38. Kohler, I. Experiments with Goggles. Sci. Amer., Vol. 62,
1962, p. 206.

39. Kohler, W. Gestalt Psychology. New York, Liveright, 1929.

40. Kohler, W. and P.- Adams. Perception and Attention. Amer.
Journ. Psychol., Vol. 71, 1958, pp. 489-503.

41. Krech, D., R. Crutchfield and N. Livson. Elements of Psychology.
New York, 1969.

42. Kulpe, 0. Versuche iber Abstraktion (Experiments on Abstraction)
I Congr. Exper. Psychol., 1904.

43. Leiderman, M. Sensory Deprivation. A. M. A. Arch. Internal
Medicine, Vol. 101, 1958, p. 389.

44. Moray, N. Attention. Selective Process in Vision and Hearing.
London, 1970.

45. Osgood, C. Method and Theory in Experimental Psychology.
Chapter V: "The Nature of Perceptual Organization".
New York, 1953.

46. Paschal, F. The Trend in Theories of Attention. Psychol. Rev.,
Vol. 48, 1941, pp. 383-403.

47. Pelton, L., S. M. Solley and S. B. Brandt. Stability and
Attraction of Perceptual Organization in the Reversible
Figureground Phenomenon. Percept. and Mot. Skills, Vol. 28,
1969, pp. 983-991.

48. Rubin, E. Visually Perceived Figures. Stud. in Psych, 1921.

49. Sanders, A. The Selective Process in the Functional Visual
Field. Institute for Perception, RVO - TNO. Soesterberg,
Netherlands, 1963.

50. Shumann, F. Observations on the Summarization of Visual
Impressions into Units. Psych. Study, Vol. 1, 1904.

51. Smith, S. and W. Lewty.. Perceptual Isolation Using a Silent
Room. Lancet, 1959.

52. Smith, K. and W. Smith. Perception and Motion, An Analysis
of Space-Structured Behavior. New York, 1962.

34



53. Stratton, J. Some Preliminary Experiments on Vision.
Psychol. Rev., Vol. 3, 1896, p. 611.

54. Vernon, M. Perception and Attention. In the book: Readings
in Psychology. London, 1964.

55. Vernon, M. Visual Perception. London, 1969.

56. Werner, H. and S. Wapner. Toward a General Theory of Percep-
tion. Psychol. Rev., Vol. 59, 1952, pp. 324-338.

57. Wertheimer, M. Principles of Perceptual Organization. In:
Source Book of Gestalt Psychology. London, 1938.

58. Woodworth, R. and H. Schlosberg, H. Experimental Psychology.
New York, 1954.

Translated for National Aeronautics and Space Administration under
contract No. NASw 2483, by SCITRAN, P. O. Box 5456, Santa Barbara,

California, 93108

35


